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Abstract
Objectives: Foetal bovine serum (FBS) is often the serum supplement of choice for in 
vitro human cell culture. This study compares the effect of FBS and autologous human 
serum (AuHS) supplement in human peripheral blood mononuclear cell (PBMC) culture 
to prepare secretome.
Materials and methods: The PBMC (n = 7) were cultured either in RPMI-1640 con-
taining L-glutamine and 50 units/ml Penicillin-Streptomycin (BM) or in BM with either 
AuHS or FBS. Viability, proliferation and differentiation of PBMC were evaluated. 
Paracrine factors present in the secretomes (n = 6) were analysed using ProcartaPlex 
Human Cytokine panel (17 plex). Ingenuity Pathway Analysis (IPA) was performed to 
predict activation or inhibition of biological functions related to tissue regeneration.
Results: The viability of PBMC that were cultured with FBS supplement was signifi-
cantly reduced at 96 h compared to those at 0 and 24 h (P < .05). While the reduction 
of the viability of PBMC that were cultured with AuHS supplement was not signifi-
cantly different compared to those at 0 and 24 h. The FBS secretomes prepared at 
24 h was found to contain significantly higher amount of EGF (P < .05) compared to 
that in AuHS or BM secretome. The AuHS secretomes contained significantly higher 
amount of HGF at 24 (P < .05) and 96 h (P < .01), and VEGF-A at 24 h (P < .05) com-
pared to those in the FBS secretomes. SDF-1 was not detected in the FBS secretomes 
prepared at either 24 or 96 hours. Double immunocytochemical staining revealed a 
marked increase in co-localization of SDF-1 and its receptor in PBMC that were cul-
tured with AuHS supplement compared to that cultured with FBS supplement.
Conclusion: In secretome preparation, AuHS supplement favours synthesis of parac-
rine factors that are needed for regenerative therapy.

1  | INTRODUCTION

The regenerative potential of the secretomes of stem and progeni-
tor cells has been reported to treat neuronal disorders,1 vascular dis-
eases2 and cutaneous wounds.3 The secretome used for regenerative 

medicine are generally prepared using different types of human cells 
such as adult stem cells,4 freshly isolated healthy peripheral blood 
mononuclear cells (PBMC)5,6 and apoptosis induced PBMC.7–9

In the preparation of secretome, foetal bovine serum (FBS) is com-
monly used as the serum supplement in cell culture. As a rich source of 
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proteins, growth factors, hormones, lipids, vitamins, attachment fac-
tors and other important trace elements, FBS supports the survival and 
proliferation of cells during in vitro cell culture.10 However, the com-
position of FBS varies from lot-to-lot. Again, Neu5GC present in FBS 
may trigger immune response in xenogeneic culture such as human 
cells.11 As an alternative, serum-free supplements such as purified or 
recombinant proteins are used to produce secretome.5–9 Compared to 
FBS, serum-free supplements maintain better safety, reproducibility 
and consistency of cells during in vitro culture.12,13 Nonetheless, the 
recombinant or purified protein supplements were known to regulate 
the composition of paracrine factors in secretome by modulating the 
autocrine and paracrine signalling pathways.14

As an alternative to either FBS or serum-free supplements, the pres-
ent study analysed the potential of autologous human serum (AuHS) for 
the production of regenerative paracrine factors in the secretome. The 
serum of a donor was used as the supplement to culture the PBMC, 
which were isolated from the blood of the same individual. Parallel 
cultures were maintained with either FBS supplement or without any 
serum supplement to compare the potential advantage of using AuHS.

2  | MATERIALS AND METHODS

2.1 | Ethics statement

In this study, blood samples were collected after acquiring informed 
written consents from the donors. The sample collection procedure 
was approved by the Medical Ethics Committee, Faculty of Dentistry, 
University of Malaya [Reference #DF RD1301/0012(L)].

2.2 | Preparation of serum and isolation of PBMC

Blood was collected from healthy male donors, aged 21–35 y (n = 7) 
having no history of: smoking, alcohol consumption, drug and/narcot-
ics addiction, diagnosis of any inflammatory diseases either chronic or 
at least in the last 4 weeks, major surgical treatment in the last 1 y, and 
immunotherapy. Blood was collected from each donor in two steps: (i) 
20 ml without any anticoagulant for serum preparation, and (ii) 30 ml 
in vacutainer containing sodium heparin (GmbH, Hamburg, Germany) 
for PBMC isolation.

To prepare the serum, 20 ml of blood was transferred to a 50 ml 
centrifuge tube (BD Bioscience, Franklin Lakes, NJ, USA) and was left 
at room temperature for an hour to facilitate coagulation. Then the 
tube containing the coagulated blood was centrifuged at 400 × g for 
15 min to collect crude serum in sterile centrifuge tube for a second 
round of centrifugation at 1800 × g for 15 min to remove cell debris 
or insoluble particles. The final serum supernatant was heat treated 
at 57 ± 2°C for 30 min to inactivate complement and used as AuHS 
supplement in the respective PBMC cultures.

To isolate PBMC, 10 ml of blood was transferred into a 50 ml centri-
fuge tubes (BD Bioscience) and diluted with equal volume of Dulbecco’s 
phosphate-buffered saline (DPBS) without calcium and magnesium 
(Gibco, Grand Island, NY, USA). The diluted blood was then added into 
another 50 ml centrifuge tube (BD Bioscience) containing 15 ml of 

Ficoll-Paque Plus (GE Healthcare, Uppsala, Sweden) and centrifuged at 
400 × g for 30 min with brake off. Buffy coat containing PBMC was 
collected and washed twice with DPBS by centrifugation at 200 × g 
for 10 min. After discarding the supernatant, the cell pellet was mixed 
with basal media (BM) consists of RPMI-1640 containing L-glutamine 
(Gibco) and 50 units/ml Penicillin-Streptomycin (Gibco). Cell number 
was counted using Trypan Blue (Gibco) dye exclusion method.

2.3 | Media preparation and culture

Isolated PBMC were cultured either in BM, or in BM with either 10% 
(v/v) FBS (Gibco) or 10% (v/v) freshly prepared AuHS supplement. 
PBMC were seeded in 12-well plates at a density of 5.5 × 105 cells/
ml in different media. The plates were stored at 37°C and 5% CO2 in 
humidified chambers, and incubated up to 96 h.

2.4 | Cell viability assay

The number of live PBMC was counted using Trypan Blue (Gibco) dye 
exclusion method at every 24 h interval until 96 h. The number of live 
cells was recorded as mean percentile (±SE) of increase or decrease in 
respect to the initial seeding number.

2.5 | Preparation of cytospin slides of PBMC

After 24 and 96 h of initial incubation, PBMC were harvested, washed 
twice using DPBS (Gibco) and the pellets were resuspended in 10% FBS 
(Gibco) containing DPBS (Gibco) to obtain 5 × 105 cells/ml. PBMCs 
were attached on poly-L-lysine coated slides (Thermo Scientific 
Shandon, Cheshire, UK) using cytocentrifuge (Thermo Scientific 
Shandon) and dried overnight in desiccation chamber followed by fixa-
tion in ice cold absolute acetone (Sigma-Aldrich, Steinheim, Germany) 
for 5 minutes and drying at room temperature for 10–15 min.

2.6 | Differential count of PBMC

Acetone fixed air dried slides were stained using Giemsa stain (Sigma-
Aldrich) for differential count. In brief, the slides were stained with 5% 
Giemsa stain for 20 min; washed briefly using deionized water and 
left in vertical position to air dry at room temperature. The number 
of myeloid and lymphoid cells were counted using microphotographs 
taken by axiocam ERc5s (Carl Zeiss, Jena, Germany) attached with 
microscope (Carl Zeiss). Three randomly chosen fields from each slide 
were chosen for microphotographs and subsequent cell counting. 
Differential count was presented as mean % of total cells ± SE.

2.7 | Paracrine factors profiling

Culture supernatants were harvested at 24 and 96 h to profile the 
composition of paracrine factors present therein. Luminex-based 
ProcartaPlex human cytokine/chemokine 17plex immunoassay kit 
from e-Bioscience (affymetrix, e-Bioscience, Vienna, Austria) was 
used to analyse the presence or absence of 17 selected paracrine 
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factors known to either stimulate or inhibit proliferation, migration 
and differentiation of different cell types including PBMC (Table S1).

2.8 | Immunocytochemistry

Cyotspin slides prepared using PBMC harvested at 24 hours were 
used for immunocytochemical staining of CXCR-4 and SDF-1. Anti-
human monoclonal CXCR-4 antibody raised in mouse (Santa Cruz sc-
53534, TX, USA) and anti-human polyclonal SDF-1 antibody raised in 
rabbit (Santa Cruz sc-28876) were used as sources of primary anti-
bodies. Fluorescein isothiocyanate (FITC) conjugated anti-mouse IgG 
(Santa Cruz sc-2010) and peridinin chlorophyll protein complex with 
cyanin-5.5 (PerCP-Cy5.5) conjugated anti-rabbit IgG (Santa Cruz sc-
45101) were used as secondary antibodies. Acetone (Sigma-Aldrich) 
fixed air dried slides were treated with dilution buffer [DPBS (Gibco) 
containing 10% FBS (Gibco)] and incubated at room temperature for 
30 min to block unspecific binding. The slides were then treated as 
follows: washed three times with DPBS (Gibco); incubated overnight 
with 100× diluted primary antibodies at 4°C in humidified chamber; 
washed three times with DPBS; incubated with the 200× diluted sec-
ondary antibodies for one hour at room temperature in dark; washed 
three times with DPBS; and finally, counter stained with Fluoroshield 
with DAPI (Sigma) for nuclear staining.

2.9 | Molecular network analysis

The corresponding Entrez Gene ID of the selected 17 paracrine fac-
tors and the fold changes of their up-regulated and down-regulated 
expression in BM and AuHS secretome in respect to those in FBS 
secretome were imported into the core analysis tool of Ingenuity 
Pathway Analysis (IPA) (Ingenuity systems; www.ingenuity.com). The 
IPA was performed to predict activation or inhibition of biological 
functions and signalling pathways involved in proliferation, migra-
tion, differentiation and apoptosis. If any paracrine factor was not 

expressed, the lowest detection limit of multiplex analyser (Luminex, 
TX, USA) for the respective paracrine factor was used as its expression 
value. Positive fold change values denote up-regulation, and negative 
values denote down-regulation. Activation and inhibition of biologi-
cal functions were predicted by the ‘z-score’ calculated by IPA on the 
basis of the expression pattern of downstream transcriptional regula-
tor in IPA software. Positive and negative z-score indicates activation 
and inhibition of biological function, respectively. The z-score greater 
than +1.96 or smaller than −1.96 were considered significant (P < .05).

The IPA was further performed to compare the most contributing 
functional network(s) involving the paracrine factors analysed in the 
study in the secretome of AuHS prepared at 24 and 96 h. IPA utilizes 
Fisher’s exact test indicate significant association (P = .05).

2.10 | Data analysis

Except for molecular network analysis, all other data were analysed 
using ANOVA and Tukey’s HSD post-hoc (SPSS version 22). The 
significant level was set at P < .05.

3  | RESULTS

3.1 | Cell viability

At 24 h of incubation, the number of viable PBMC in FBS and AuHS 
supplemented media was increased by ~60% and ~70%, respectively, 
compared to initially seeded viable cells. It was observed that with 
time, the rate of increase of viable PBMC in FBS supplemented media 
was lower, however, only the 96 h post-incubation was significantly 
different from 24 and 48 h (P < .05). While in the AuHS supplemented 
media there was no significant difference in the rate of increase of 
viable PBMC between all incubation time frame. The number of live 
PBMC cultured in BM was gradually decreasing and was reduced 
by 70% at 96 h with respect to the initial count (Figure 1A). The 

F IGURE  1 Effect of serum supplement on the viability of peripheral blood mononuclear cells (PBMC). (A) Rate of increase of live PBMC did 
not differ significantly in autologous human serum (AuHS) supplemented media until 96 h. While, in foetal bovine serum (FBS) supplemented 
media, rate of increase of viable PBMC at 96 h was significantly different from that at 24 and 48 h. In basal medium (BM), the number of live 
PBMC gradually decreased and was reduced by 70% of the initial count at 96 h. (B) The percentage of the dead cells was significantly lower in 
FBS and AuHS supplemented media compared to that in BM. [#, significantly different (P < .01) compared to both FBS and AuHS groups;  
*, P < .05; **, P < .01; n = 7]

http://www.ingenuity.com
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percentage of dead PBMC was significantly lowered in AuHS and FBS 
supplemented media compared to that in BM at all incubation time 
frame (Figure 1B).

3.2 | Differentiation

On the basis of morphology, PBMC were divided into two groups: 
(i) lymphocytes and progenitors, and (ii) monocytes and granulocytes 
(Figure S1). The percentages of different types of cells at 24 and 96 h 
in BM, AuHS supplemented media and FBS supplemented media did 
not differ significantly (Figure 2).

3.3 | Paracrine factors profile in the secretomes

Seventeen paracrine factors were analysed in the secretomes at 24 
and 96 h of incubation. The detected level of paracrine factors varied 
from one secretome to another (Table S2).

3.4 | Comparative paracrine factors expression 
in the secretomes

3.4.1 | AuHS vs FBS secretome

At 24 h, significantly higher expressions of HGF (P < .05) and VEGF-A 
(P < .05) were detected in the AuHS secretomes compared to those 
in the FBS secretomes (Figure 3). The HGF expression at 96 h was 
significantly higher in the AuHS secretomes compared to that in the 
FBS secretomes (P < .01) (Figure 3). Whereas the expression of EGF 
(P < .05) was significantly higher in the FBS secretomes when com-
pared to the AuHS secretomes at 24 h (Figure 3). Notably, SDF-1A 
was detected in the AuHS secretomes but not in the FBS secretomes 
either at 24 or 96 h (Figure 3).

3.4.2 | AuHS vs BM secretome

At 24 h, expressions of BDNF (P < .01), G-CSF (P < .01), PDGF-BB 
(P < .05) and SDF-1A (P < .01) were significantly higher in the AuHS 
secretomes compared to those in the BM secretomes (Figure 3). 
At 96 h, expressions of BDNF (P < .01), G-CSF (P < .05) and HGF 

F IGURE  2 Effect of serum supplement on the differentiation of 
peripheral blood mononuclear cells (PBMC). Differences in serum 
supplement did not show any effect on the differential count of 
PBMC until 96 h. (AuHS, autologous human serum; FBS, foetal 
bovine serum)

F IGURE  3 Comparison of the amount 
of paracrine factors in the secretomes 
of peripheral blood mononuclear cells 
(PBMC). Difference in the amount of 
paracrine factors namely, brain-derived 
neurotrophic factor (BDNF), epidermal 
growth factor (EGF), granulocyte colony 
stimulating factor (G-CSF), hepatocyte 
growth factor (HGF), platelet-derived 
growth factor beta (PDGF-BB), stromal 
cell-derived factor-1A (SDF-1A), vascular 
endothelial growth factor A (VEGF-A) 
and interleukin 6 (IL-6) in the secretomes 
prepared from PBMC that were cultured 
with either autologous human serum 
(AuHS), foetal bovine serum (FBS) or 
without any serum supplement i.e., in 
basal medium (BM) at 24 h and 96 h of 
incubation. (* = P < .05, ** = P < .01, n = 6)
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(P < .01) were significantly higher in the AuHS secretomes compared 
to those in the BM secretomes (Figure 3). Whereas, only VEGF-A 
expression was significantly higher in the BM secretomes com-
pared to that in the AuHS secretomes both at 24 (P < .05) and 96 h 
(P < .01) (Figure 3).

3.4.3 | FBS vs BM secretome

At 24 h, the expression of EGF (P < .05), G-CSF (P < .05) and IL-6 
(P < .05) were significantly higher in the FBS secretomes compared 
to those in the BM secretomes (Figure 3). At 96 h, the expression 
of BDNF (P < .05), PDGF-BB (P < .01) and IL-6 (P < .05) were sig-
nificantly higher in the FBS secretomes compared to those in the 
BM secretomes (Figure 3). The expression of VEGF-A in the BM 
secretomes was significantly higher (P < .01) compared to that in 
the FBS secretomes both at 24 and 96 h (Figure 3). Unlike in FBS 
secretomes, SDF-1A was detected in BM secretomes both at 24 or 
96 h of incubation (Figure 3).

3.5 | Immunocytochemistry

A markedly higher expression of both SDF-1 and its receptor, i.e., 
CXCR-4 was detected in the PBMC that were cultured in AuHS sup-
plemented media compared to that cultured in FBS supplemented 
media (Figure 4). Prominent colocalization of SDF-1 and its receptor 
CXCR-4 was also detected in the PBMC cultured in AuHS supple-
mented media (Figure 4).

3.6 | Relative expression (mean fold 
changes) of paracrine factors in AuHS and BM 
secretomes compared to the FBS secretomes

At 24 h, 13 paracrine factors (BDNF, G-CSF, GM-CSF, HGF, LIF, 
M-CSF, PDGF-BB, SCF, SDF-1A, VEGF-A, IL-2, IL-3 and IL-12p70) 
were expressed more in the AuHS secretomes, and 9 paracrine factors 
(FGF-2, HGF, LIF, M-CSF, SCF, SDF-1A, VEGF-A, IL-3 and IL-23) were 
expressed more in the BM secretomes compared to the respective 
factors expressed in the FBS secretomes. At 96 hours, a lower level 
of IL-6, EGF and PDGF-BB were detected in the AuHS secretomes 
compared to those in the FBS secretomes. Expression of 11 paracrine 
factors (FGF-2, GM-CSF, HGF, LIF, M-CSF, SCF, SDF-1A, VEGF-A, IL-
2, IL-3 and IL-23) in the BM secretomes were higher than those in the 
FBS secretome at 96 h (Table S3).

3.7 | Biological functions regulated by paracrine 
factors secreted from human PBMC

IPA was performed to identify the most significant molecular net-
works and signalling pathways relevant to these paracrine fac-
tors, and their role in maintaining biological functions. Ten most 
important biological functions related to proliferation, viability, 
apoptosis and differentiation, were selected (Figure 5). Predicted 
‘z-score’ of the functions showed that the paracrine factors of the 
AuHS secretomes prepared at 24 and 96 h promote proliferation, 
viability, and differentiation while inhibiting apoptosis. Significant 

F IGURE   4 Fluorescent immunostaining of CXCR-4 and stromal cell-derived factor-1A (SDF-1A) in peripheral blood mononuclear cells 
(PBMC) that were cultured in autologous human serum (AuHS) and foetal bovine serum (FBS) supplemented media. CXCR-4 and SDF-1 
was detected using mouse anti-human monoclonal and rabbit anti-human polyclonal antibodies, respectively. Fluorescein isothiocyanate 
(FITC, green) and peridinin chlorophyll protein complex with cyanin-5.5 (PerCP-Cy5.5, red) conjugated with goat anti-mouse and goat 
anti-rabbit IgG were used as secondary antibodies. 4’,6-diamidino-2-phenylindole (DAPI) was used to perform nuclear counter staining. A 
marked increase of colocalized SDF-1 and it’s receptor CXCR-4 is visible in the PBMC cultured in AuHS supplemented media. (Scale bar: 
10 μm)
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activation or inhibition of any of those biological functions could 
not be predicted from the detected composition of paracrine fac-
tors of the BM secretomes prepared at 24 h compared to those 
of the FBS secretomes. However, significant activation of viabil-
ity of leukocytes and mononuclear cells was predicted in the 
BM secretomes prepared at 96 h compared to that in the FBS 
secretomes (Figure 5).

3.8 | Activation of high-mobility group box 1 protein 
(HMGB1) signalling pathway

IPA was also performed to identify the top most affected signalling 
pathways that could be influenced by the 17 paracrine factors ana-
lysed in the study. The top 10 pathways being affected (most to least) 
by the analysed paracrine factors are listed in Table 1. IPA predicted 

F IGURE  5 Predicted activation or inhibition of biological functions maintained by the 17 paracrine factors that were analysed in the 
autologous human serum (AuHS) and basal medium (BM) secretomes compared to the foetal bovine serum (FBS) secretome

No. Pathways −log Pa Ratiob

1 Haematopoiesis from pluripotent stem cells 1.96E01 2.05E-01

2 Haematopoiesis from multipotent stem cells 1.57E01 5E-01

3 Role of cytokines in mediating communication 
between immune cells

1.38E01 1.35E-01

4 Differential regulation of cytokine production in 
macrophages and T helper cells by IL-17A and 
IL-17F

1.15E01 2.78E-01

5 Altered T cell and B cell Signalling in rheumatoid 
arthritis

1.02E01 7.41E-02

6 Hepatic fibrosis/hepatic stellate cell activation 9.62E00 3.57E-02

7 HMGB1 signalling 9.16E00 5.08E-02

8 Role of pattern recognition receptors in 
recognition of bacteria and viruses

9.13E00 5.04E-02

9 Role of macrophages, fibroblasts and endothe-
lial cells in rheumatoid arthritis

8.46E00 2.44E-02

10 Hepatic cholestasis 8.39E00 3.8E-02

aHigher – log P value denotes higher chance of being regulated by the paracrine factors analysed in this 
study.
bThe ratio indicates the dividend of presence of the analysed paracrine factors to the total number of 
paracrine factors involved in the corresponding pathway.

TABLE  1 Top 10 signalling pathways 
identified by IPA that could be regulated by 
17 analysed paracrine factors
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that the AuHS secretomes prepared both at 24 and 96 hours have the 
potential to activate HMGB1 signalling pathway (z = 1.633) more than 
that of the FBS secretomes.

3.9 | Functional molecular networks of paracrine 
factors secreted from human PBMC

IPA was further performed to analyse the functional molecular net-
work involving the paracrine factors selected in the study. The ranked 
1 (P = 1.00E-33) functional molecular network connecting cell-to-cell 
signalling and interaction, cellular growth and proliferation, and cel-
lular development was shown to involve 15 out of the 17 paracrine 
factors analysed in this study (Figure 6). The ranked 1 functional net-
work was further analysed (Figure 6) to check the predicted activation 
or inhibition of the downstream molecules involved in the network 
using the expression profile of the paracrine factors detected in the 
AuHS secretome prepared at 24 and 96 h (Table S4). A mild inhibition 
was predicted for nuclear factor kappa B (NFκB), extracellular-signal-
regulated kinases (ERK) 1/2, focal adhesion kinase (FAK), AKT, heat 
shock protein (HSP) 27, high-affinity IgE receptor (Fcer1) and cAMP 

response element-binding protein (Creb) in the AuHS secretome pre-
pared at 96 h compared to that prepared at 24 h. Strong inhibition was 
predicted for c-Jun N-terminal kinase (Jnk), P13KP85 and Collagenase 
type 1 in the AuHS secretome prepared at 96 h. Meanwhile, mild acti-
vation of MEK and Nr1 h, and strong activation of MAPK and CD3 
was predicted in the AuHS secretome prepared at 96 h (Figure 6).

4  | DISCUSSION

Composition of paracrine factors in secretomes largely depends on 
the initial media composition as well as the type of cultured cells. 
Animal serum, especially FBS, has been widely used as media supple-
ment, as it provides proteins, growth factors, hormones, lipids, vita-
mins and other important trace elements in culture.10 FBS, of which 
the exact composition is not well-defined, can be a vehicle of disease 
transmission, and can trigger immune response for its Neu5GC anti-
gen.11,12 Serum free media supplemented with recombinant human 
protein or purified animal serum proteins have been used as an alter-
native to FBS in cell culture.11,12 However, a number of purified or 

F IGURE  6  Illustration of the predicted ranked 1 functional network involving the paracrine factors of the autologous human serum (AuHS) 
secretome that were detected at 24 h in comparison to those detected at 96 h. Functional pathway predicted mild inhibition of nuclear factor 
kappa B (NFκB), extracellular-signal-regulated kinases (ERK) 1/2, focal adhesion kinase (FAK), AKT, heat shock protein (HSP) 27, high-affinity IgE 
receptor (Fcer1) and cAMP response element-binding protein (Creb), and strong inhibition of the c-Jun N-terminal kinase (Jnk), P13KP85 and 
Collagenase type 1 in the AuHS secretome prepared at 96 h compared to that of 24 h. Meanwhile, mild activation of MEK and Nr1 h; and strong 
activation of MAPK and CD3 have been predicted in the AuHS secretomes prepared at 96 h



8 of 10  |     ﻿HAQUE  et  al.

recombinant proteins given as supplement in serum free media were 
shown to affect paracrine secretions that in turn might exert feed-
back inhibition on the proteins.14 In the search for another alternative, 
this study investigated the potential of AuHS in producing secretome 
while maintaining proliferation and viability of PBMC in vitro.

Human sera were collected from individuals who did not have 
history of smoking, alcohol consumption, drug or narcotics addiction, 
chronic inflammatory diseases; major surgical treatment in the last 1 y; 
or immunotherapy for the preparation of AuHS. It was reported that 
smoking and alcohol consumption affected the expression of a number 
of paracrine factors such as IL-1β, IL-8, IL-12, MCP-1, VEGF.15,16 The 
other exclusion criteria are directly linked with the changes in immu-
nological and inflammatory responses which will result in the change 
of the paracrine factor expressions in the circulation of the host.

To evaluate the impact of AuHS and FBS in secretome prepara-
tions, 17 paracrine factors commonly known to regulate proliferation, 
migration and differentiation related to tissue regeneration, were ana-
lysed in the respective secretomes (Table S1). However, the paracrine 
factors were analysed only at 24 and 96 h in the secretomes prepared 
using PBMC. It is well-known that the in vivo or in vitro half-life of 
any paracrine factor generally do not exceed more than a couple of 
hours.17–19 Therefore, it was expected that the paracrine factors pres-
ent in the sera at the time of separation would have minimum or no 
effect at 24 and 96 h of in vitro culture. Hence, the effects of the AuHS 
and FBS secretomes reported in the study would present the effects 
of the paracrine factors secreted during in vitro culture.

The higher in vitro PBMC viability in the AuHS supplemented 
media compared to that in the FBS supplemented media (Figure 1) 
might be linked with the secretome composition, i.e., higher amount 
of HGF, VEGF-A and SDF-1A as well as lower amount of EGF. The FBS 
secretomes that were prepared at 24 h had higher EGF compared to 
that of the AuHS secretomes and the BM secretomes. In the AuHS 
secretomes, a significantly higher expression of HGF and SDF-1A (at 
24 and 96 h), and VEGF-A (at 24 h) were detected compared to those 
in the FBS secretomes (Figure 3). Both HGF and VEGF-A are known to 
play important roles in angiogenesis, cell proliferation, anti-apoptosis, 
chemotaxis, cell growth and differentiation.20–22 Again, SDF-1A that 
was found in the AuHS secretomes, is known to play important roles 
in cell migration, cellular differentiation, cell cycle regulation and sur-
vival.23 Expressions of SDF-1 and its receptor CXCR-4 were further 
confirmed by double immunostaining (Figure 4) and the result con-
firmed an increased expression as well as co-localization of both mark-
ers in PBMC cultured with the AuHS supplement compared to that 
cultured with the FBS supplement.

Butler et al. (2005) reported that patients with diabetic mac-
ular oedema had an average of 75 pg/ml SDF-1 in their vitreous, 
whereas in the vitreous of control nondiabetic patient SDF-1 was 
not detected.24 Primary cultures of endothelial cells also expressed 
50–130 pg/ml of SDF-1 in their secretome collected at 2, 24, 48 and 
72 h of incubation.25 In another in vivo study, ~40 pg/ml of SDF-1 in 
the plasma of the control hamster was observed, while ~100 pg/ml of 
SDF-1 was detected in the plasma of the animals treated with intra-
muscular VEGF.26 In this study, 50–60 pg/ml of SDF-1A was detected 

in the both AuHS secretomes prepared at 24 and 96 h. This results 
are similar to those reported in the above-mentioned studies, hence 
we deduced that it could be adequate to initiate paracrine reactions.

Like AuHS secretome, SDF-1A was expressed in BM secretome 
as well. At 24 h of incubation the expression of SDF-1A in BM secre-
tome (~20 pg/ml) was significantly (P < .01) lower than that of AuHS 
secretome (~50 pg/ml) (Figure 3). This could be linked to the signifi-
cantly lower number of viable cells in BM compared to AuHS supple-
mented media (Figure 1). Despite significantly lower number of viable 
cells, at 96 h SDF-1A expression in BM secretome was similar to AuHS 
secretome (Figure 3). Intracellular expression of SDF-1A in monocytes 
and lymphocytes has been reported in several studies.27,28 In BM, 
percentage of dead cells was significantly higher than that of AuHS 
(Figure 1B). Hence, the presence of SDF-1A in BM secretome at 96 h 
could be secreted or released from the pool of live and dead cells, 
respectively. Along with poor cell viability (Figure 1), the composition 
of the secretome in BM was not superior compared to FBS or AuHS 
in term of paracrine factor composition (Table S2) and predicted bio-
logical functions (Figure 5). It is noteworthy to mention that SDF-1A in 
BM secretome at 24 h was significantly lower than that of AuHS secre-
tome. Hence, immunostaining of PBMC cultured in BM was excluded.

Lichtenauer et al. (2011) reported the presence of VEGF, HGF, 
FGF-2, SDF-1, G-CSF and GM-CSF in both the viable and the induced 
apoptotic PBMC secretomes harvested at 24 h.7 Consistently, similar 
paracrine factors were detected in the PBMC secretomes harvested 
from AuHS supplemented media. In the current study, significantly 
higher expressions of G-CSF (P < .01) was found in the AuHS secre-
tomes compared to the BM secretomes (Figure 3) at 24 h. While, at 
96 h, the expression of G-CSF (P < .05) and HGF (P < .01) were signifi-
cantly higher in the AuHS secretomes compared to those in the BM 
secretomes (Figure 3). Meanwhile, only VEGF-A expression was sig-
nificantly higher in the BM secretomes compared to that in the AuHS 
secretomes both at 24 (P < .05) and 96 h (P < .01). Hoetzenecker et al. 
(2013) reported reduced amount of proinflammatory cytokine IL-6 in 
blood plasma of PBMC secretome treated animals.6 Accordingly, the 
current study showed IL-6 expression in secretomes in the order of 
FBS>AuHS>BM.

To elucidate the effect of serum supplement on the differentiation 
of PBMC, analysis of differential count was performed. The effects of 
AuHS and FBS supplementation on PBMC differentiation during in 
vitro culture are not significantly different (Figure 2). However, at 96 h 
the percentage of lymphoid cells and progenitors were slightly higher 
in PBMC cultured with AuHS supplementation compared to that of 
FBS supplementation (Figure 2). Besides, percentage of dead PBMC 
was also lower in AuHS supplemented culture compared to that of 
FBS supplemented culture (Figure 1B). These results complement the 
notion that AuHS might offer additional advantage to maintain the 
lymphoid development and differentiation, and inhibit apoptosis of 
PBMC, most likely due to the presence of paracrine factors especially 
SDF-1 in the secretome.29

Prediction on the biological function analysis (Figure 5) also sup-
ports the in vitro PBMC viability and proliferation in the AuHS sup-
plemented media (Figure 1). Therefore, it is expected that AuHS 
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secretome might favour in vivo regeneration of organ by increasing 
proliferation, viability, migration and homing of stem cells and progen-
itor cells (Table S5). Besides the potential use in the regeneration of 
damaged organs, secretome rich in SDF-1 might also help the homing 
of transplanted hematopoietic stem cells in bone marrow.30

Prediction on activation of signalling pathway showed that the 
AuHS secretomes favour activation of HMGB1 signalling pathway 
more than that by the FBS secretomes. HMGB1 plays a key role in 
maintaining tissue homeostasis, cleaning damaged and infected tis-
sues, protecting non-injured tissues, and accelerating the process of 
regeneration31 of tissues such as skeletal muscle,32,33 epithelial31 and 
spinal cord.34 In 2012 Schiraldi et al. reported the role of SDF-1 and 
CXCR-4 in the HMGB1 mediated inflammatory cell recruitment in the 
site of damaged tissue35 which is vital for tissue repair and regenera-
tion. Studies reported the induced expression of CXCR-4 by G-CSF,36 
SCF and IL-637 in the hematopoietic stem cells. Expression of these 
paracrine factors in the AuHS and FBS secretome may be involved 
in the expression of CXCR-4 in the PBMC cultured in both AuHS and 
FBS supplemented media (Figure 4). Nonetheless, higher expression 
of G-CSF and SCF (Table S3) in AuHS secretome might be the cause 
behind higher expression of CXCR-4 receptor in PBMC cultured in 
AuHS medium compared to cells cultured in FBS medium. Moreover, 
distinctly higher expression of SDF-1 was observed in PBMC cultured 
in AuHS medium compared to that in FBS medium (Figure 4).

Although the advantage of using the AuHS secretome over the 
FBS secretome was apparent, the required time of incubation to 
prepare suitable AuHS secretome was inconclusive. This is mainly 
because the AuHS secretomes prepared at either 24 or 96 h exhib-
ited equal potential in viability (Figure 1) and differentiation (Figure 2). 
Hence, the functional network analysis was performed using IPA. A 
mild inhibition of NFκB, ERK1/2, FAK, AKT, HSP27, Fcer1 and Creb; 
and a strong inhibition of Jnk, P13KP85, and collagenase type 1 were 
predicted in the AuHS secretome prepared at 96 h compared to that of 
24 h (Figure 6). Notably, ERK1/2 is involved in liver regeneration38,39 
and schwann cell proliferation;40 Creb plays a positive role in liver 
regeneration;41 AKT and FAK are involved in muscle regeneration;42,43 
PI3K and AKT accelerates axonal regeneration,44 as well as they play 
important roles in mesenchymal stem cells survival, proliferation, 
migration, angiogenesis, cytokine production and differentiation.45 A 
mild activation of MEK and Nr1 h, and a strong activation of MAPK 
and CD3 were predicted in the AuHS secretomes prepared at 96 h.

Therefore, the AuHS secretome prepared at 24 h could be more 
beneficial to be used in regenerative therapy compared to that pre-
pared at 96 h. However, further investigation is required to identify 
more specific molecular activation and inhibition of the identified 
functional molecular networks to propagate stem cells to be used for 
regenerative therapy.

5  | CONCLUSION

The AuHS supplement was shown to favour longer cell viability, and 
synthesis of more regenerative paracrine factors such as SDF-1A. In 

addition, HGF and VEGF-A which are involved in angiogenesis, cell 
proliferation, inhibition of apoptosis and immunoregulation were up-
regulated in the AuHS secretome. Thus, this study demonstrated that 
the regenerative potential of the secretome prepared with AuHS sup-
plementation is higher.

ACKNOWLEDGEMENTS

This work was supported by High Impact Research MOHE Grant 
UM.C/625/1/HIR/MOHE/DENT/01 from the Ministry of Higher 
Education Malaysia. The authors thank the team of Oro-Maxillofacial 
Surgical and Medical Sciences Department, Faculty of Dentistry, 
University of Malaya for their support in collection of blood from 
donors. The authors also thank Marzouq Abedur Rahman for language 
editing.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest related to 
this study.

REFERENCES

	 1.	 Pires AO, Neves-Carvalho A, Sousa N, Salgado AJ. The secretome of 
bone marrow and wharton jelly derived mesenchymal stem cells in-
duces differentiation and neurite outgrowth in SH-SY5Y cells. Stem 
Cells Int. 2014;2014:438352.

	 2.	 Dao M, Tate C, McGrogan M, Case C. Comparing the angiogenic po-
tency of naive marrow stromal cells and Notch-transfected marrow 
stromal cells. J Transl Med. 2013;11:81.

	 3.	 Yew TL, Hung YT, Li HY, et  al. Enhancement of wound healing by 
human multipotent stromal cell conditioned medium: the para-
crine factors and p38 MAPK activation. Cell Transplant. 2011;20: 
693‐706.

	 4.	 Madrigal M, Rao K, Riordan N. A review of therapeutic effects of mes-
enchymal stem cell secretions and induction of secretory modification 
by different culture methods. J Transl Med. 2014;12:260.

	 5.	 Mildner M, Hacker S, Haider T, et  al. Secretome of peripheral 
blood mononuclear cells enhances wound healing. PLoS ONE. 
2013;8:e60103.

	 6.	 Hoetzenecker K, Zimmermann M, Hoetzenecker W, et al. Mononuclear 
cell secretome protects from experimental autoimmune myocarditis. 
Eur Heart J. 2013;36(11):ehs459.

	 7.	 Lichtenauer M, Mildner M, Hoetzenecker K, et al. Secretome of apop-
totic peripheral blood cells (APOSEC) confers cytoprotection to car-
diomyocytes and inhibits tissue remodelling after acute myocardial 
infarction: a preclinical study. Basic Res Cardiol. 2011;106:1283‐1297.

	 8.	 Hoetzenecker K, Assinger A, Lichtenauer M, et  al. Secretome of 
apoptotic peripheral blood cells (APOSEC) attenuates microvascular 
obstruction in a porcine closed chest reperfused acute myocardial in-
farction model: role of platelet aggregation and vasodilation. Basic Res 
Cardiol. 2012;107:292.

	 9.	 Altmann P, Mildner M, Haider T, et al. Secretomes of apoptotic mono-
nuclear cells ameliorate neurological damage in rats with focal isch-
emia. F1000Res. 2014;3:131.

	10.	 Gstraunthaler G. Alternatives to the use of fetal bovine serum: serum-
free cell culture. Altex. 2003;20:275‐281.

	11.	 Lindroos B, Boucher S, Chase L, et al. Serum-free, xeno-free culture 
media maintain the proliferation rate and multipotentiality of adipose 
stem cells in vitro. Cytotherapy. 2009;11:958‐972.



10 of 10  |     ﻿HAQUE  et  al.

	12.	 Haque N, Kasim NH, Rahman MT. Optimization of pre-transplantation 
conditions to enhance the efficacy of mesenchymal stem cells. Int J 
Biol Sci. 2015;11:324‐334.

	13.	 Mujaj S, Manton K, Upton Z, Richards S. Serum-free primary 
human fibroblast and keratinocyte coculture. Tissue Eng Part A. 
2010;16:1407‐1420.

	14.	 Mirshahi F, Pourtau J, Li H, et al. SDF-1 activity on microvascular en-
dothelial cells: consequences on angiogenesis in in vitro and in vivo 
models. Thromb Res. 2000;99:587‐594.

	15.	 Burnham EL, Kovacs EJ, Davis CS. Pulmonary cytokine composition 
differs in the setting of alcohol use disorders and cigarette smoking. 
Am J Physiol Lung Cell Mol Physiol. 2013;304:L873‐L882.

	16.	 Ande A, McArthur C, Ayuk L, et al. Effect of mild-to-moderate smok-
ing on viral load, cytokines, oxidative stress, and cytochrome P450 
enzymes in HIV-infected individuals. PLoS ONE. 2015;10:e0122402.

	17.	 Beutler BA, Milsark IW, Cerami A. Cachectin/tumor necrosis fac-
tor: production, distribution, and metabolic fate in vivo. J Immunol. 
1985;135:3972‐3977.

	18.	 Burska A, Boissinot M, Ponchel F. Cytokines as Biomarkers in 
Rheumatoid Arthritis. Mediators Inflamm. 2014;2014:24.

	19.	 Peters M, Jacobs S, Ehlers M, et al. The function of the soluble inter-
leukin 6 (IL-6) receptor in vivo: sensitization of human soluble IL-6 
receptor transgenic mice towards IL-6 and prolongation of the plasma 
half-life of IL-6. J Exp Med. 1996;183:1399‐1406.

	20.	 Sulpice E, Ding S, Muscatelli-Groux B, et al. Cross-talk between the 
VEGF-A and HGF signalling pathways in endothelial cells. Biol Cell. 
2009;101:525‐539.

	21.	 Galimi F, Cottone E, Vigna E, et al. Hepatocyte growth factor is a regulator 
of monocyte-macrophage function. J Immunol. 2001;166:1241‐1247.

	22.	 Wang Y, Johnsen HE, Mortensen S, et al. Changes in circulating mes-
enchymal stem cells, stem cell homing factor, and vascular growth 
factors in patients with acute ST elevation myocardial infarction 
treated with primary percutaneous coronary intervention. Heart. 
2006;92:768‐774.

	23.	 Cheng JW, Sadeghi Z, Levine AD, et al. The role of CXCL12 and CCL7 
chemokines in immune regulation, embryonic development, and tis-
sue regeneration. Cytokine. 2014;69:277‐283.

	24.	 Butler JM, Guthrie SM, Koc M, et  al. SDF-1 is both necessary 
and sufficient to promote proliferative retinopathy. J Clin Invest. 
2005;115:86‐93.

	25.	 Salvucci O, Yao L, Villalba S, Sajewicz A, Pittaluga S, Tosato G. Regulation 
of endothelial cell branching morphogenesis by endogenous chemok-
ine stromal-derived factor-1. Blood. 2002;99:2703‐2711.

	26.	 Zisa D, Shabbir A, Mastri M, et al. Intramuscular VEGF activates an 
SDF1-dependent progenitor cell cascade and an SDF1-independent 
muscle paracrine cascade for cardiac repair. Am J Physiol Heart Circ 
Physiol. 2011;301:H2422‐H2432.

	27.	 González N, Bermejo M, Calonge E, et al. SDF-1/CXCL12 Production 
by Mature Dendritic Cells Inhibits the Propagation of X4-Tropic 
HIV-1 Isolates at the Dendritic Cell-T-Cell Infectious Synapse. J Virol. 
2010;84:4341‐4351.

	28.	 Sánchez-Martín L, Estecha A, Samaniego R, Sánchez-Ramón S, 
Vega MÁ, Sánchez-Mateos P. The chemokine CXCL12 regulates 
monocyte-macrophage differentiation and RUNX3 expression. Blood. 
2011;117:88‐97.

	29.	 Lataillade JJ, Domenech J, Le Bousse-Kerdilès MC. Stromal cell-
derived factor-1 (SDF-1) CXCR4 couple plays multiple roles on hae-
matopoietic progenitors at the border between the old cytokine 
and new chemokine worlds: survival, cell cycling and trafficking. Eur 
Cytokine Netw. 2004;15:177‐188.

	30.	 Dar A, Goichberg P, Shinder V, et  al. Chemokine receptor CXCR4-
dependent internalization and resecretion of functional chemokine 
SDF-1 by bone marrow endothelial and stromal cells. Nat Immunol. 
2005;6:1038‐1046.

	31.	 Tamai K, Yamazaki T, Chino T, et al. PDGFRalpha-positive cells in bone 
marrow are mobilized by high mobility group box 1 (HMGB1) to regen-
erate injured epithelia. Proc Natl Acad Sci U S A. 2011;108:6609‐6614.

	32.	 Campana L, Santarella F, Esposito A, et al. Leukocyte HMGB1 is re-
quired for vessel remodeling in regenerating muscles. J Immunol. 
2014;192:5257‐5264.

	33.	 Dormoy-Raclet V, Cammas A, Celona B, et al. HuR and miR-1192 reg-
ulate myogenesis by modulating the translation of HMGB1 mRNA. 
Nat Commun. 2013;4:2388.

	34.	 Dong Y, Gu Y, Huan Y, et al. HMGB1 protein does not mediate the in-
flammatory response in spontaneous spinal cord regeneration: a hint 
for CNS regeneration. J Biol Chem. 2013;288:18204‐18218.

	35.	 Schiraldi M, Raucci A, Muñoz LM, et  al. HMGB1 promotes recruit-
ment of inflammatory cells to damaged tissues by forming a com-
plex with CXCL12 and signaling via CXCR4. J Exp Med. 2012;209: 
551‐563.

	36.	 Saba F, Soleimani M, Kaviani S, et  al. G-CSF induces up-regulation 
of CXCR4 expression in human hematopoietic stem cells by beta-
adrenergic agonist. Hematology. 2014;20:462‐468.

	37.	 Peled A, Petit I, Kollet O, et  al. Dependence of Human Stem Cell 
Engraftment and Repopulation of NOD/SCID Mice on CXCR4. 
Science. 1999;283:845‐848.

	38.	 Li JW, Wang GP, Fan JY, Chang CF, Xu CS. Eight paths of ERK1/2 
signalling pathway regulating hepatocyte proliferation in rat liver re-
generation. J Genet. 2011;90:435‐442.

	39.	 Chen XG, Xu CS, Liu YM. Involvement of ERK1/2 signaling in prolifer-
ation of eight liver cell types during hepatic regeneration in rats. Genet 
Mol Res. 2013;12:665‐677.

	40.	 Seo TB, Oh MJ, You BG, et al. ERK1/2-mediated Schwann cell pro-
liferation in the regenerating sciatic nerve by treadmill training. J 
Neurotrauma. 2009;26:1733‐1744.

	41.	 Rudnick DA, Perlmutter DH, Muglia LJ. Prostaglandins are required 
for CREB activation and cellular proliferation during liver regenera-
tion. Proc Natl Acad Sci U S A. 2001;98:8885‐8890.

	42.	 Kim MH, Kay DI, Rudra RT, et al. Myogenic Akt signaling attenuates 
muscular degeneration, promotes myofiber regeneration and im-
proves muscle function in dystrophin-deficient mdx mice. Hum Mol 
Genet. 2011;20:1324‐1338.

	43.	 Quach NL, Biressi S, Reichardt LF, Keller C, Rando TA. Focal adhe-
sion kinase signaling regulates the expression of caveolin 3 and beta1 
integrin, genes essential for normal myoblast fusion. Mol Biol Cell. 
2009;20:3422‐3435.

	44.	 Zhang BY, Saijilafu Liu CM, Wang RY, Zhu Q, Jiao Z, Zhou FQ. Akt-
independent GSK3 inactivation downstream of PI3K signaling reg-
ulates mammalian axon regeneration. Biochem Biophys Res Commun. 
2014;443:743‐748.

	45.	 Chen J, Crawford R, Chen C, Xiao Y. The key regulatory roles of the 
PI3K/Akt signaling pathway in the functionalities of mesenchymal 
stem cells and applications in tissue regeneration. Tissue Eng Part B 
Rev. 2013;19:516‐528.

SUPPORTING INFORMATION

Additional Supporting Information may be found online in the 
supporting information tab for this article.

How to cite this article: Haque N, Kasim NHA, Kassim NLA, 
Rahman MT. Autologous serum supplement favours in vitro 
regenerative paracrine factors synthesis. Cell Prolif. 
2017;50:e12354. https://doi.org/10.1111/cpr.12354

https://doi.org/10.1111/cpr.12354

